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ABSTRACT

In this study, the feasibility of utilizing wood chips from pitch pine (Pinus rigida) was
evaluated for bioethanol production by an organosolv pretreatment and enzymatic sac—
charification. When wood chips from pitch wood were pretreated with 75% (v/v) ethanol
and 1.7% sulfuric acid as a catalyst at H—factor 2000, average pulp yield was 43.3%, which
pretreated wood fibers showed higher glucan (55.8%) and lower lignin (12.2%) contents
than untreated control (43.9% glucan and 27.8% lignin). After enzymatic saccharification,
the organosolv pulps with 56.2% delignification rate reached above 97% conversion rate of
cellulose to glucose. These results indicated that increasing the delignification rate causes
micro pores on the surface of organosolv pulps resulting in improved the accessibility of
enzyme onto the substrate. Moreover, it was in agreement with the SEM examination of
wood fibers,

Keywords: Organosolv pretreatment, bioethanol, enzymatic saccharification, pitch pine,
delignification rate, wood fibers, cellulose

1 S3dst vlo]| @ A| A8l vlo] @ 317 118+ (Dept, of Biological and Environmental Science, College of Life Science
and Biotechnology, Dongguk University—Seoul, Seoul, 100—715, Republic of Korea)

2 ZPA et shetn S (Division of Wood Chemistry & Microbiology, Korea Forest Research Institute, Seoul,
130—712, Republic of Korea)

T wAIA A Corresponding Author): E—mail: kykang@dongguk.edu

J. of Korea TAPPI Vol.47 No.4 Aug. 2015 21



Organosolv MX{2|E £t 2|7|ctA

1LME

AAIA 2 7153t g A oA P zA &
Hlo] @ wj A (lignocellulosic biomass)2] 80| £
goll w54 vlo] QujAE 0|3t Hio] Lok
Hpo] 2oz AAbe] it =& ¥} HEo] 7)s 7H
9 g3t wefgt A FAE o] Foj AL Qlet,
Al 58 HA Hiol A& Ql Hiol QofghZe &
Eo el gl Hlolemj A2 Y B &5kl
e s AA AT AR o] ol mHE &
2 ZA 4 agflation 5 14|t Hlo] Lofehe A84F
o] B A ufo] e A7} 7HA] = ofa] BRI o R olF) 2
At vfo]uj A9l H4 Hlo] QuiAE o]§3F ApEo

B

i
o B Kb B o

Hfol e ofebg A4k A7} Fies) AYE L k. 24
Hlo]| QA ZHE} Bl S I35l 9l o 2|AY
THs3ithe 54 Rl vho] ofehe LS $Iat Ui
24 Hg wak opet 47150l TolA B
JErg Wi

7] F oliteteta: ke - =i
& o] 7|5 Hstg ool whE Aokl AT 4= = Y
roleta & 4= qlet!

4 vlo| QujAE o] g1t HiolQofekE
QujA0) A, Fa FI}, 29ar ofeke Ua
= SHA o] FojXtt, HA vpolemjie “%ERA
A ER e 7 I AAE YL, FrAERL
2 B2 Az Yol A gady) 3-Rade FAske
BAE o2 glo} Yot mao] Ho| ojze o
o] glek Y whehd B4 H}OIEUHAEEH ogrez
B e T 42 A5 PeAe AU
A2 398 FAA vlolonhs 1) EAjet 21y
SHHORE AAT WA} ek, E3E, vho] 2nj2e]
A 3F8FA - AESHA AElo] E84 AT ofy
2} gl nlAE G mefste] 3 ouAE i
A7\ SpsterEe] AL Hasiele ool o
T 7o) wg- Fashet?

A F7HA| vio] Loflekg Hiks 917t theFgt A v

[ R 1 )

Hol dAtEle] gkom 1 F 3k A= A7 iy
AR Y] pgo] 2L AME-E = SletefE] 24o] §olat
o] WS AL wol gt} Y gmA el B8 Ml
v 2= 0710 A2 ] (organosolv pretreatment)=
{&o‘xﬂl‘ﬂ Se)ad B elat sAlol ¥ W AvdE

20| a7} 7hadt A2 o gmA ALYl

22

o - F0|7|& 47(4) 2015

|,l:|

| HIO|0EtE it MEH EIt

Ao} 7180 Hashye S8 W
#0] 315 9 Aol go] o

o AzA ol§ A7} e @l
glof =7 vho] ovj 0] FH 7]
o Q37HA) ol eofeke
HA2 oponA fAURA,
SHI4R o 2, oA & 5 4l
Hol @ AT 97k 2 QiElo] gtk B4 Hho] o2
F W49 A9 ARHUE, i Su g sel &
$8 ow fo1g0) AREstel HoloAgE Ak
o B A7} olols ghom] PP Uk Hels
& B|chant BE §7)80) WA ste] T
sl ok WA 8 Bkl Ak e A
e Aol Fu] BN Lav 34 oAUAE %
a7)m gae] Aol w22 dxje 2A0) Ty
2 SIAE 2R W3t g MaE Ao dns oA
©2 3t AL W= e

o
I

E
o &
o
o -
fob ofd

L)

A oF

T2
3o A o o

=4y 2 2%

rC
S
i)

il

o
i)
N
ofd
b
2

o o o
eI
o

N

J%jem

i
S
o
oft ot
i
1

oz
22

Kl
£

i3
i

i
X oft ofo
1o

2

_\2

sl

g7t = Selueke] A A 2H8eF
O2A 1960-1970d o] AA M=o IE 535

Sfat 29e AAstel WAL TR 395 olake)
7130 Sk Aefolet, et BAje] o] $4) gk
$30} g7} thitol T dlag e 3
A B 8T 5 ARISA das
G REEVEE RS
goltt, & Aol £7HR7IAY B
4—%—7@@14@% B9 U2 AZY S84 11 o
gl et WF A7k HESHeh
SRS wluwwzfa WA Re B 85
Fo=H Hlo SoJEhe WAL 913 el7|chartiel B
Fs A Bskaat seek ol $istel £7180)
AAE Agatgon], 53] vho] orj o] B0t
3 Ao L X Hade] AR 2He %
2710 A7} l7|charke] ey v
JFe BAHOR HAst w3, AxE &
A wmo] sfet 24 W B4 WekE ulm BAska
58S ATORA HE02 o

it

1O E X
‘C':T(_)]
LZT_‘[
‘C'&E

i

e

i

E



2. M= o uHy
2.1 SAIX=

2 Aol A AR FAIEE
AU (Pinus rigida Mill,) 2
oot A shedlof 4] HAfsto] /\}
At FAEANA FA ¢F 10 cm®] DBH ¥
o 7] 3}et 24
&L FHE AAE

g oF 3099 27|t
A7 FEFFA 2 5
stadc =

oS A3st
A8 ARE /\}%0}913“1, A
5t AFEof| A disc chipper(Abraham

Co., Finland)E o|-g&3d}o] %35}l oF 30x3%3 mm
3719 EA A& Ad, AR 3 AAE ARE A}

Bttt 54 9| 2% & Bt 10.6%31TF,
A g3lof| AFE3E 7h4Ea| A= Novozymes(Den—

mark)AFe] Cellulosic Ethanol Enzyme Kit % Cellu—

lase complex(NS22074) ¥ B—glucosidase(NS50010)

2 Argslgon, @40 IYEE 77 1,000 EGU/g
9 250 CBU/go| et
2.2 AlsidhH
2.2.1 3tst ZYE BN
AA 2 7F 27]ekiu 5] 3et 24 vz S

wA817] QA B4 A& Willey mill(Thomas Sci—
entific, USA)S ARE3to] B3t & 40 mesh ©]3}9]
Al AMgstTh SkekxA] Balo) oA A

&H&2 FFFA A oFAIE(99.5%, Dae—
4
|8

HO %
=

p=g
=

ﬂllO O_L.

[E

1=}
jung, Korea)2.Z 48A|7t &3] XA RS Zﬂ—r—ol'
Ack. AN RE o]gste] AF B84 fad AF &
(TAPPI T 204 cm—97) @ A 7484 2714
(TAPPI UM 250)= AAIsHIEt, 2l1d A &
NS 7}A] L Bio—LC(ICS—3000, Dionex, USA
a5o] 2)7]chal e B 2 ) o] 24 9 %
Ao RN G A4S AAEHT %i‘“éii’\—J
lefo ol EFH o) wal BASHITH 24|
2.5 g& 80 mLe ZF4=, 0.5 mLe] ol EAF 1 1
g9] OFHAAIEFET} E3lste] 250 mL 4HZEekAaA
of Wir 70T kol RREAIZTE W & vl Al
Lo oFO] ol EAML o} AAE RS H7tel
Y& F 53] wHESHAT & & gt
H] 7]1 FHRTE} o ES o]gsto] A4

FAIBEG o™ 105£1T AR7|oA 244]
2 oA Shere Akt

A
A A%
2y
#

U o _ll)h
wn rlo u

=z
o
[e)

N

ul
flo ©

27wl

N
wi lo =
o & &
)

= ojo o 3 ¢
o ok

N2

=
E

oy
Mot >1'
Pﬂi

2.2.2 Organosolv FX{2|

2golg A 28 ¢Fg WR-7](Mini vessel; Ilshin
Autoclave, Korea)o] B4 A1} AAz] &ujS Hn)
7:1 (v/w)ER Bsta dEsE o 3}27]% ooz
(Oil bath; Daihan Science, Korea)oll @1l Ax2=
AT, A Sull= ofeh&(Anhydrous EtOH,
99.5%)< ©|-8-3to] 65, 75% (v/v)& ~FE8to] ARg-5HS
o}, Sl FAHH,S0,, 98%, J.T.Baker, USA)S A
st AA =4 H S5 oiv] 1.25, 1.5, 1.7 9 2.0 wt%
2 FEs¥oH Ao v-s 2= 170, 180, 190C,
o &% FAAZE 40, 60, 802 747} AT

Axe] A9 H]—%—O] g z 1?_}%7]2 ice batholl4]

o}@l *émfo* ﬂxﬂ XJAH’% LRy OMO—H < 2kt o
o Ao ALEE ofeted FUT FEO| ot S
o] gsto] ¥HgES FAIsATH60T, 100 mL x 33]),
o|F 1A e SREE FA0] 2 W7k FAIE

%3 3)2]7](Donghak Machinery, Korea)oll4] 10
7F sk ofe ASAR BT YAV (flat screen)E H
zo} YA ES Eesioitt. dAy 2 Jdeg 9 g
AELL EAE EA4) o] Az S oig AAy &
dojzl gz 4l A ES] Hx F5F H|E FallA] A4kst
Gk E3F AAE A5 g7|ckayEe gad ok i
o= EAto] gl 1dE&S ALlsEIT
223 FT-IR 2A

g7y B4 2] AR dojd Pz o] gls)

T2 HskE golR 7] 918 ATR(Miracle, PIKE Tech,
USA)o] #A2tEl FT-IR Spectrometer(Vertex 70,
Bruker Optics, Germany)S ©]-&3sfo] A4 3Ho| 3t
4 7157] e 248 A0 j9lE 4,000~
600 cm "2 AA3lo] 4 em '] SAFER 1283] AMGH
o] 1 ¥zkE 24890t
2.2.4 SEM &
AR v % (SEM;
o]-gste] Hx {49
Ao uhE 2 AHia

EM-30, COXEM, Korea)<
TEE dEge ) gelad

9] W32 v|m A

RYARS

=
w9 54

J. of Korea TAPPI Vol.47 No.4 Aug. 2015 23



Organosolv TX2|E S8t 2]7|CHALIF | HIo|20]EtE dit MEY

225 =4 g3t

7okt =4 o] AR 2
o g3t 54 9 vlo] eofek A A8 3
Tkel7] Sistel s WakE sl

B 712 0.7 g9 B Ag4 712 250 mL 42}
ZefaTo] ¥ & 58950 mM acetate buffer,
pH 4.8)1 f14 ZH| Y-S H7kste] § £3)7} 100 mL
o] =& 3}%t}. Cellulase complex®} B—glucosi—
dase= 714 S vl 2+t 522} 0.6%5 FYskaL %l
g ufjoFrof A 50T, 150 rpme] uljF ZAL 2 7247k
7HA] B FekE AATsITh 94 AIE(3, 6, 12,
24, 48, T2A7N & B3t S Y}l BioLCE o]&a}
o] & E45& AAskT

RN =T =

[l
o

3.1 2|7|CtALIRE =Xl Elo| sket ZEE A or-
ganosolv MX{2| 1t

FAAMER ANGE 27IoauE =2 3o =8 318t
g A Az Table 13} Ao, 2ado) IS £
st A3, At 584 2l 1d2 27.3%, 4F 7HA 2lad
2 0.6%% Uehgth, gdhs & g oF 64.9%=,
glucose?} 43,9%% 7M¢ W & AAskL lglen
ujdEZ A 14 & F mannose, xylose W galac—
tose?] Rr 2474 12.2, 6.5 % 1.4%% UEF T

o x> BN

Table 1, Chemical composition of Pinus rigida

wood chips
Chemical components Content (%)?
Lignin
Acid—insoluble 27.3+0.16
Acid—soluble 0.6+0.01
Monosaccharides
Glucose 43.9x0.61
Mannose 12,2+0.22
Xylose 6.5+0.10
Galactose 1.4+0.01
Arabinose 0.9£0.01

“Results are calculated as wt% oven—dried wood chips.
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